M1 muscarinic receptors facilitate hippocampus-dependent cognitive flexibility via modulating GluA2 subunit of AMPA receptors.
Cognitive flexibility is an important aspect of executive function. The cholinergic system, an important component of cognition, has been shown to modulate cognitive flexibility mainly through the striatum and prefrontal cortex. The role of M1 muscarinic receptors (M1 mAChRs), an important therapeutic target in the cholinergic system, in hippocampus-dependent cognitive flexibility is unclarified. In the present study, we demonstrated that selective activation of M1 mAChRs promoted extinction of initial learned response and facilitated acquisition of reversal learning in the Morris water maze, a behavior test that is mainly dependent on the hippocampus. However, these effects were abolished in GluA2 mutant mice with deficiency in phosphorylation of Ser880 by protein kinase C (PKC). Further long-term depression (LTD) in the hippocampal CA1 area induced by M1 mAChR activation was shown to be dependent on AMPA receptor subunit GluA2 but not GluA1. M1 mAChRs increased GluA2 endocytosis through phosphorylation of Ser880 by PKC. Inhibition of PKC blocked M1 mAChR-mediated LTD, memory switching and reversal learning facilitation. Moreover, the slow memory extinction observed in GluA2 mutant mice and PKC inhibitor-treated mice appeared to affect the consolidation and retrieval of reversal learning. Thus, these results demonstrate that M1 mAChRs mainly facilitate acquisition in spatial reversal learning and further elucidate that such an effect is dependent on the phosphorylation of GluA2 by PKC. The study helps clarify the role of M1 mAChRs in cognitive flexibility and may prompt the earlier prevention of cognitive inflexibility.